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I. INTRODUCTION 


Agriculture is an activity that is extremely dependent 
such as temperature, rainfall, 


on climatic elements, 





Abstract—Agriculture on environmental 


conditions and with the predicted climate changes, serious influences on 


is an activity dependent 


crops are likely to occur, and prediction studies are important in order to 
minimize the impacts on agricultural production. The present work is the 
result of consultations to scientific works published on the proposed topic. 
It was found that extreme heat increases and greater risks of drought are 
expected in Brazil and that the Agroecological Zone Method is one of the 
most used for modeling in which it is desired to verify the impact of the 
water deficit on plant production,being of easy application, understanding 
and your results are close to reality. In this situation, depletion in plant 
production is considered only as a function of the reduction of water 
available to the plant, which is interesting for verifying the influence of 
future climate change scenarios on plant production. However, it has the 
disadvantage of not considering the attack of pests and diseases, which 
are influenced by climate changes. The importance of reinforcing 
resilience in agroecosystems is also highlighted, not only with plant 
improvement through the development of cultivars adapted to future 
climate scenarios, but also with management alternatives. It is concluded 
that the Agroecological Zone Method is a reliable alternative to verify the 
effect of future droughts on agricultural production, despite its limitations 
and that it is essential to plan and combine strategies for adapting to 
climate change. 


being lost through transpiration [2] and it is through this 
transpiration process that the absorption of essential 
nutrients for the plant's development and translocation 
takes place. of solutes [3]. 


humidity and solar radiation, and any interference with one 
or more of these factors can influence plant development 
[1]. 

On the other hand, water is essential for agricultural 
production, as it is necessary for the process of cell growth 
and expansion; however, 90% of the water required by 
terrestrial plants is not used in any biochemical route, 
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In this context, once the future scenario of climate 
change is confirmed, with an increase in the Earth's surface 
temperature and changes in patterns, the 
agricultural sector will certainly be affected. This, in view 
of the dependence of agriculture on the climate, and 


rainfall 


changes in this component will directly affect, among 
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others, the physiology of plants. In the case of Brazil, 
future projections indicate significant impacts on the 
extreme precipitation regime, with floods and floods; in 
addition to increases in extremes of heat and greater risks 
of drought in the country [4] [5]. Thus, agriculture may 
suffer from more frequent and severe abiotic stresses, such 
as drought and high temperatures, and biotic stresses, such 
as greater occurrence of pests and diseases [6] 


There are regions of the country where the productivity 
of some agricultural crops is still below its potential, 
precisely because of stresses, considered limiting [6]. To 
minimize these impacts, research in the area of plant 
genetic improvement has been carried out in order to adapt 
agricultural production to climate change, through 
technologies that generate plants that are more tolerant to 
stresses such as water deficit, high temperatures and 
changes in the incidence and severity of illnesses. In this 
context, it is important to highlight that the cultivation of 
local varieties by farmers is essential, as in addition to 
avoiding a major crop problem, it also works as a 
germplasm bank, which can be used by breeders for the 
development of cultivars resistant to environmental 
conditions different, especially to climate change [7]. 
Thus, the loss of genetic resources and local knowledge 
can compromise the ability of farmers and breeders to 
obtain plants that will be resistant to future environmental 
shocks, as in the case of climate change [8]. 


Therefore, efforts to minimize the consequences of 
global warming, as well as actions and policies to adapt 
and reduce vulnerabilities at a local and regional scale, are 
essential to reduce the risks to social and environmental 
security. Cuadra et al. [9] mention that, from a strategic 
point of view, it will be extremely important to foresee 
how agroecosystems will meet the increased global 
demand for food and energy in a sustainable way and in a 
context in which agricultural productivity may present 
stagnation or associated reductions to climate change [10] 
[11]. Therefore, understanding how the plant responds to 
climatic conditions, directly influencing crop yield, is of 
paramount importance, as well as understanding how far it 
is possible to predict the resilience of agrobiodiversity to 
these changes. 


Thus, the objective of this work is to evaluate the 
Agroecological Zone Method as a way to predict the 
impacts of climate change on agricultural crops. 


Il. METHOD 


The present bibliographical review was carried out by 
consulting scientific works and books published in areas 
related to the proposed theme in several databases: Scielo, 
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Science Direct, Scopus, Web of Science, EMBRAPA, 
Capes Periodicals, FAO, among others. 


The following keywords were used for the survey: 
agrobiodiversity, agroecological zone method, effect of 
meteorological events, climate and plant interaction, 
requirement of cultivated plants and plant resilience. 


Based on the works found, this review article was 
constructed. 


HI. RESULTS AND DISCUSSION 
3.1 Resilience in Agroecosystems 


Resilience is the intrinsic capacity of a system to 
maintain its integrity over time, especially in relation to 
external pressures [12]. The main characteristic of a 
resilient system is its flexibility and ability to perceive and 
eventually create options to face adverse situations. The 
diversity of alternatives that the farmer perceives, or is 
able to create, is a central element in building the 
resilience of the agroecosystem [13]. 


For a better understanding of the mechanism of 
resilience of agroecosystems, it is essential to study the 
impacts of climate change on agriculture, in order to 
minimize production and quality losses, helping to choose 
strategies to overcome the problems. Among the main 
difficulties encountered in this type of study, there is the 
continuing uncertainty about the exact magnitude of 
climate change that will occur in the next 25 to 50 years 
[14]. 


According to Pinho et al. [15], climate changes are due 
to the increase in the global average temperature expected 
for the next decades until the end of the century, which, in 
turn, is related to the increase in the concentration of 
greenhouse gases (GHG), leading to a reduction the 
resilience of ecosystems in all biomes, incurring in loss of 
biodiversity and ecosystem services and increased 
exposure and socio-environmental vulnerabilities. Initially, 
in Brazil, the Caatinga biome is the most resilient to global 
temperature increase, and the Amazon, Atlantic Forest and 
Cerrado are the most susceptible to loss of resilience. For 
the Caatinga, the aridization process is enhanced [16] and 
spatially advances to other possible areas occupied by the 
Atlantic Forest, especially in the coastal region [17]. 


To ensure greater resilience and adaptability to climate 
risks, it will be important to quantify the risk that 
agroecosystems will be subject to in different ecoregions 
in Brazil. This task is extremely complex given the 
continental dimension of the country, the diversity of 
crops, production systems and availability of natural 
resources. Objectively measuring ecological resilience is 
not a trivial task [18], especially at large spatial scales [19] 
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and it is in this context that the tools used come into play. 
To assess the responses of agricultural productivity to 
climatic conditions, empirical (statistical) models and 
models based on biophysical processes that simulate 
agricultural productivity and its interactions with the 
environment and management practices are used [20] [21]. 


The possibility of adapting agriculture varies 
depending on the characteristics of each system and the 
different foreseen future scenarios. There are few analyzes 
in this regard in Brazil [22]. Andrioli and Sentelhas [23] 
determined the sensitivity of maize genotypes (Zea mays) 
to water deficit using an Agroecological Zone Model. The 
model's performance was acceptable for the evaluation of 
the real yield, whose estimated mean errors for each 
genotype ranged from -5.7 to +5.8%, and whose overall 
mean absolute error was 960 kg ha"! (10%). 


Barbieri et al. [24] carried out the zoning of sugarcane 
expansion areas, validating the model with irrigated 
sugarcane data. The model was effective in estimating the 
productivity of irrigated sugarcane, in both year and year 
and a half crops, with the possibility of being used for 
forecasts throughout the harvest. Monteiro [25] used the 
same model, associating the penalty of productivity with 
water deficit, to develop a procedure for obtaining classes 
of production environments for sugarcane cultivation, in 
178 locations in the state of São Paulo. As a result, it 
obtained satisfactory performance, enabling, together with 
the use of a geographic information system, to obtain the 
climatic classes of the production environments, which can 
support the planning of plants regarding varietal and 
operational management of sugarcane fields. 


Despite great advances in recent decades, development, 
parameterization and validation on a regional, national and 
global scale are still insufficient. Initiatives such as The 
Agricultural Model Intercomparison and Improvement 
Project (AgMIP) and the Intercomparison, Improvement 
and Adaptation of Agricultural Crops Simulation Models 
for Climate Change Application (AgMIP-BR) project, 
coordinated by Embrapa, have sought to accelerate 
advances in parameterization and validation of these 
models [9]. 


There are other practices that reinforce the resilience of 
agroecosystems, such as: management alternatives, 
through the recommendation of more favorable times for 
the implantation of various agricultural crops [26] [27]; 
genetic improvement of plants, as it has a fundamental role 
in the development of cultivars adapted to the projected 
conditions of climate change [10]; animal production, 
adapted to heat and humidity, in conventional or integrated 
production systems, contributes to the reduction of thermal 
stress; intensive and integrated agricultural, livestock and 
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forestry production systems  (crop-livestock-forest 
integration — CLFI) allows for the intensification of land 
use for productivity gains in food and energy [28]; 
ecological systems, which make intelligent use of the 
natural functionalities offered by ecosystems [29], with the 
objective of designing multifunctional agroecosystems; 
fish farming, through the adaptation of aquaculture 
through integration with plant production for small 


producers [30], also called aquaponics [31]. 


It is important to emphasize that the diversity of 
alternatives to strengthen the resilience of agroecosystems 
is possible, through access to knowledge in various areas, 
including technical, ecological, cultural, the construction 
of concrete solutions in the environment, constructed 
and/or permitted biological diversity, characterized as a 
centerpiece in the resilience of an agroecosystem. 


3.2Plant behavior against water deficit 


The water deficit in plants is due to a higher 
transpiration rate than water absorption, which can happen 
by different mechanisms, such as drought, salinity and low 
temperatures [32]. Thus, there is a stress on the plant that 
causes changes in its behavior, and the irreversibility of the 
situation will depend on the species, genotype, duration of 
stress, plant development stage and the nature of this stress 
[33]. 


Basically, water stress resistance mechanisms involve 
limiting growth in order to minimize water loss; 
morphological adaptations; physiological adaptations; and 
metabolic alterations [34]. However, the most accentuated 
response of plants to water deficit is the decrease in leaf 
area production, stomata closure, acceleration of 
senescence and leaf abscission [35] [36]. At the cellular 
level, when the plant is subjected to water deficit, the 
changes involve the concentration of solutes inside the 
cells, changes in the volume and shape of the plasma 
membrane, loss of turgor and protein denaturation [32]. 
Taiz and Zeiger [37] claim that as the stomata close during 
the initial stages of water stress, the efficiency of water use 
can increase, that is, more CO2 can be absorbed per unit of 
transpired water, because stomatal closure it more inhibits 
transpiration which 
concentrations of CO2. As stress becomes more severe, 
however, dehydration of mesophyll cells inhibits 
photosynthesis, mesophyll metabolism is impaired, and 


decreases the intercellular 


water use efficiency generally decreases. 


According to Larcher [38], a plant organism goes 
through a succession of characteristic phases when 
subjected to stress: the alarm phase, the resistance and 
exhaustion phase. In the first phase, there is a loss of 
stability in the structures and reactions responsible for 


Page | 97 


Mayara M. M. da Luz Pires Brandão et al. 


maintaining vital functions, and the plant can react and 
recover from this stress. In the second phase, of resistance, 
which is increased under continuous stress, a rusticity 
process begins and, depending on the duration, the plant 
can adapt through osmotic adjustment. Finally, in the 
exhaustion phase, which occurs when stress is too long or 
its intensity increases rapidly, the plant is susceptible to 
infections that occur as a consequence of the decrease of 
the host's defenses and leading to premature collapse. 


The frequency and intensity of the water deficit are the 
main factors limiting agricultural production, accounting 
for 60 to 70% of the final variability of production [39]. 
This highlights the importance of knowing the local 
climatic conditions and the genotype to be used, in order to 
develop management strategies that make it possible to 
reduce the effects caused by water deficit [3]. In this 
context, the assessment of the degree of tolerance and 
susceptibility of genotypes is an important point to 
consider in studies involving the tolerance of plants to 
water deficit [40]. 


The impacts of climate change can constitute a serious 
threat to agriculture, as it puts the preservation of current 
agricultural systems at risk, as well as becoming an 
opportunity for the development of other systems [14]. In 
this context, Smit and Singles [41] and Bray [32] state that 
adequate knowledge of how vegetables respond to water 
stress is one of the main requirements for choosing both 
the best variety and the best management practices, 
aiming, above all, improve the exploitation of natural 
resources. 


Thus, changes in the rainfall regime, which trigger 
droughts, may negatively influence agricultural regions, 
and it is important to foresee future scenarios in order to 
develop measures that help in the resilience of crops. 


3.3Use of the Agroecological Zone Method 


Simulation models have been widely applied in 
agronomy as a research tool, enabling the understanding of 
plant responses to different environments and, 
consequently, predicting crop productivity [42]. Through 
these models, it is possible to simulate different 
management conditions over several years and locations, 
using historical or synthetic climate data [43] [44]. 


The application of mathematical-physiological models 
has been increasingly used in agriculture, with regard to 
the provision of tools for decision-making support 
systems, aiming at real simulations of future processes to 
be able to face events [25] [45]. According to Streck and 
Alberto [46], mathematical models are a simplification of 
reality that allow describing the complicated interactions 
that exist in agroecosystems and, in this way, indicate the 
possible impact of changes in meteorological elements and 
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climate on agroecosystems. Thus, the FAO Agroecological 
Zone Model (AZM) is one of the most used in research 
aimed at estimating the agricultural productivity of 
crops[47] [23], having, however, wide application in 
agroclimatic zoning studies and in determining the most 
appropriate times for planting and sowing [25]. 


This model makes a correlation between the relative 
fall in productivity and the water deficit in each 
phenological phase, through a crop response coefficient 
and, although generic, it can be applied in crop forecasting 
systems as it is a simple model and presents very 
satisfactory results [42]. Thus, with the application of this 
method, the potential and attainable productivity of 
agricultural crops is estimated, through the input of 
meteorological variables, determining that the depletion of 
productivity occurs as a function of the relative water 
deficit, through a coefficient of response to the water 
deficit. Such data on the response coefficient to water 
deficit exist in the literature and are derived from a linear 
regression between the evapotranspiration deficit (relation 
between the actual and maximum evapotranspiration of the 
crop) and the relative loss of productivity (relation 
between the attainable and potential productivity) [3]. As 
for the reference evapotranspiration, it can be estimated by 
methodologies such as Thornthwaite & Mather [48] and 
the maximum crop evapotranspiration through methods 
such as the Penman-Moneith [49] or the Class A tank [50], 
for example, using the crop coefficient (Kc) data obtained 
in the literature. Reichardt [51] defines the maximum 
evapotranspiration (ETm) as the maximum water loss that 
a given crop suffers in a development stage, when there is 
no soil water restriction and also states that the real 
evapotranspiration (ETr) is the one that fact occurs. Above 
all, it emphasizes that if there is water available in the soil 
and the water flow in the plant meets the atmospheric 
demand, the ETr will be equal to the ETm. 


The AZM model comprises two stages: the first deals 
with the estimation of potential productivity (Yp) and the 
second with the penalty for this by the water deficit, thus 
obtaining the attainable/estimated productivity (Ye), 
according to the following formula: 


Ye =Yp [1 - ky (1-=)} 
Where, 
Ye= estimated productivity (kg.ha!) 
Yp= potential crop productivity (kg.ha!) 
Ky= water penalty coefficient 


ET= real evapotranspiration (mm.d-!) 


ETc= crop evapotranspiration (mm.d-') 
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ETc = ETo.Kc 
Where, 
ETc= crop evapotranspiration (mm.d"!) 
ETo= reference evapotranspiration (mm.d"!) 


Kc= crop coefficient 


The potential productivity is obtained by a highly 
productive variety, well adapted to the growing 
environment, without water, nutritional, phytosanitary 
stress and salinity problems, the following characteristics 
being fundamental for its calculation: duration of the 
growth cycle; leaf area index (LAI) associated with 
maximum growth rate; harvest index; culture adaptability 
group and; sensitivity of the duration of the crop growth 
cycle to the thermal sum of degree days. Subsequently, 
this potential productivity is penalized with the application 
of the productivity sensitivity coefficient to the water 
deficit, since this factor is one of the factors that most 
affect crop productivity, it is essential to include this 
variable in the productivity estimation models. Thus, the 
elements rain and evapotranspiration are associated with 
productivity values, for the different phenological stages of 
the crop [42]. 


In this model, the potential yield drop is directly related 
to the relative water deficit of the crop, which considers 
the reference and maximum evapotranspiration, taking into 
account a crop response coefficient to the water deficit 
(ky) in each phenological phase of the crop cycle. Thus, 
the attainable productivity of the crop is estimated [54]. 
Regarding the meteorological data used in this 
methodology, the following are required: average air 
temperature; precipitation (mm), extraterrestrial solar 
radiation, photoperiod and insolation [3]. 


Although it requires information on climate and 
culture, the Agroecological Zone Method is easy to apply 
in operational terms, in addition to being easy to 
understand and the results closer to reality [53]. According 
to Thompson [54], precipitation is the meteorological 
element most used in the development of models that 
estimate crop productivity. However, the AZM model has 
some limitations, as it does not consider the occurrence of 
pests and diseases and soil fertility [53]. The biological 
system is complex and the lack of knowledge regarding 
some processes results in an imperfect or incomplete 
modeling. This is also due to the great capacity of plants to 
adapt to different edaphoclimatic conditions [55]. 


The improvement in the productivity of a crop may be 
related to greater tolerance to environmental stresses and 
thus result in an increase in productive stability. 
Simulation models of soil-plant-atmosphere systems are an 
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appropriate tool for studies involving applications under 
conditions of great environmental variability, as it is 
possible to determine the risks that permeate agricultural 
production due to the main components of production [56] 
[57]. Some studies indicate that the development of 
agricultural zoning is a tool that aims to minimize the most 
recurrent risks that the crop may be subjected to from 
planting to harvest [58]. 


Thus, crop forecasting systems using 
agrometeorological models are present in works of great 
national relevance, in the case of large crops such as 
soybean [47] [59], corn [23] and sugar cane [60] [24] [61]. 
According to Santos and Oliveira [62], the agroclimatic 
productivity method [63] proved to be efficient in 
estimating com productivity, since it elucidates parameters 
that can influence the reduction of the producer's yield. 


In this way, the AZM is an auxiliary tool for 
experiments with studies on the impacts of climate change 
on agricultural crops, which constitute a simplification of 
the reality of agroecosystems [46]. Climate modeling 
analyzes for Brazil, covering the 1970 to 2050 baseline 
scenario, considering the cumulative effects of climatic 
and non-climatic vectors on species loss, indicate that land 
use changes have a preponderant historical role in biome 
changes Amazon, Cerrado, Caatinga, Atlantic Forest and 
marine environments [64]. And, it is also highlighted that 
climate change started to have an increasing participation 
in the loss of biodiversity from 1970, resulting, in the year 
2050, in significant risks to the provision of ecosystem 
services [65]. 


As already mentioned, climate change projections for 
Brazil point to significant impacts in changing the extreme 
precipitation regime in the form of floods and floods, in 
addition to greater risks of drought and increased aridity 
[4] [5]. In this context, it is essential to recognize the 
temperature, precipitation and humidity thresholds by 
which ecosystems will incur in inflection points in order to 
anticipate and manage emerging risks [66]. Recent 
scientific evidence demonstrates that current climate 
conditions and projected changes impose relevant 
environmental, economic and social burdens, especially on 
tropical countries in the Global South, such as Brazil, 
which have suffered non-linear and heterogeneous 
economic impacts and risks [67]. However, economic 
losses and socio-environmental costs could be minimized 
through the implementation of adaptation strategies [68]. 


IV. CONCLUSION 


Cultivated plants, in general, are quite sensitive to 
water deficit, which is considered the main factor in 
modeling, thus, through modeling it is possible to predict 
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the impact of water deficit on crop yields. Although the 
AZM model is one of the most applied simulation models, 
it has flaws because it does not consider soil fertility and 
diseases, and in this context, when climate changes occur, 
major changes can occur in relation to phytopathology, 
such as redistribution and the emergence of new ones. of 
pests. 


Furthermore, it is emphasized that the preservation of 
ecosystems is essential to ensure life on Earth, and it is 
essential to plan management strategies for a planned long- 
term adaptation to maintain genetic diversity. 


Thus, adapting to climate change and minimizing its 
effects requires the adoption of the "precautionary 
principle" and the maintenance of agrobiodiversity, it 
being essential to strengthen the resilience of ecosystems 
so that they contribute to facing the future climate crisis. 


REFERENCES 


[1] Hamada, E., Ghini, R., Marengo, J. A., Thomaz, M. C. 
(2011). Projeções de mudanças climáticas para o Brasil no 
final do Século 21. In: Ghini, R., Hamada, E., Bettiol, W. 
(2011.). Impactos das mudanças climáticas sobre doenças de 
impor tantes culturas no Brasil. Jaguariúna: Embrapa Meio 
Ambiente. p. 41-74. Disponivel em: 
<http://www.alice.cnptia.embrapa.br/alice/handle/doc/95661 
9>. Acesso em: | ago. 2014. 


[2] Morison, J. I. L., Baker, N. R., Mullineaux, P. M., Daviers, 
W. J. (2008). Improving water use in crop production. 
Philosophical transactions of the royal societyof London. 
Serie B, Biological Sciences, v. 363, p. 639-658. 


[3] Sabadin, J. F. G. (2013). Avaliação de modelo 
agrometeorológico para tolerância de genótipos de cana-de- 
açúcar (Saccharum ssp.) ao déficit hídrico. Dissertação de 
mestrado, Esalq, Piracicaba, SP, Brasil. 


[4] Ambrizzi, T., Rocha, R. P., Marengo, J. A., Pisnitchenco, I., 
Nunes, L. A., Fernandez, J. P. R. (2007). Cenários 
regionalizados de clima no Brasil para o século XXI: 
projeções de clima usando três modelos regionais. 
Ministério do Meio Ambiente. Secretaria de Biodiversidade 
e Florestas. Diretoria de Conservação da Biodiversidade — 
Mudanças climáticas globais e efeitos sobre a 
biodiversidade. Subprojeto: caracterização do clima atual e 
definição das alterações climáticas, v. 3, p. 112. 


[5] Marengo, J. A.; Scarano, F. R. (2016). Impacto, 
vulnerabilidade e adaptação das cidades costeiras brasileiras 
às mudanças climáticas. Relatório Especial do Painel 
Brasileiro de Mudanças Climáticas (PBMC), p. 184 


[6] Guimarães, L. J. M., Carneiro, N. P., Pastina, M. M., 
Sabato, E. O., Carneiro, A. A., Guimarães, F. F. M., 
Parentoni, S. N. (2015). Melhoramento genético vegetal 
visando adaptação às mudanças climáticas. IN: Lima, C. E. 
P., Fontenelle, M. R., Braga, M. B. Mudanças climáticas e 
produção de hortaliças. Embrapa: Brasília. 


WWW .ijaers.com 


International Journal of Advanced Engineering Research and Science, 8(9)-2021 


[7] Gonzalez, C. G. (2011). Climate Change, Food Security, 
and Agrobiodiversity: Toward a Just, Resilient, and 
Sustainable Food System. Fordham Envtl. L. Ver, 22, 1-31. 


[8] Fowler, C., Mooney, P. (1990) Shattering: Food, Politics, 
and the Loss of Genetic Diversity. University of Arizona 
Press. 


[9] Cuadra, S. V., Heinemann, A. B., Barioni, L. G.; Mozzer, G. 
B., Bergier, I. (2018) Ação contra a mudança global do 
clima: contribuições da Embrapa. Brasília: Embrapa, 76p. 


[10] Challinor, A. J., Watson, J., Lobell, D. B., Howden, S. M., 
Smith, D. R., Chhetri, N. (2014) A metaanalysis of crop 
yield under climate change and adaptation. Nature Climate 
Change, v. 4, p. 287- 291, 2014. 
DOI:10.1038/nclimate2153. 


[11] Zhao, C., Piao, S., Wang, X., Huang, Y., Ciais, P., Elliott, J., 
Huang, M., Janssens, I. A., Li, T., Lian, X., Liu, Y., Muller, 
C., Peng, S., Wang, T., Zeng, Z., Pefiuelas, J. (2016) 
Plausible rice yield losses under future climate warming. 
Nature Plants, v. 19, n. 3, 16202, Dec. 2016. DOI: 
10.1038/nplants.2016.202. 


[12] Holling, C. S. (1996). Surprise for Science, Resilience for 
Ecosystems, and Incentives for People. Ecological 
Applications 6(3) 733-735. 


[13] Brookfield, H. 2001. Exploring Agrodiversity. New York: 
Columbia University. 


[14] Ghini, R. (2006). Influência das mudanças climáticas na 
agricultura. In: CONGRESSO SUL BRASILEIRO DE 
MEIO AMBIENTE, Concordia, SC. Anais... Concordia: 
Universidade do Contestado, 2006. p. 1-10. 


[15] Pinho, P. F., Anjos, L, J, S., Filho, S, R., Santos, D. V., 
Toledo, P. M. (2020) Projeção de resiliência dos Biomas 
brasileiros e riscos socioambientais e mudanças climáticas. 
Sustainability in Debate - Brasília, v. 11, n.3, p. 242-259, 
dez/2020 


[16] Salvatierra, L. H. A., Ladle RJ, Barbosa H., Correia R. A., 
Malhado A. C. M. (2017). Protected areas buffer the 
Brazilian semi-arid biome from climate change. Biotropica, 
2017. 


[17] Zanin, M., Tessarolo, G., Machado, N., Albernaz, A. L. 
(2016). Mudanças climáticas e a cobertura vegetal nativa: 
impactos em um país megadiverso e seus biomas. In: MCTI 
(ed) Modelagem climática e vulnerabilidades setoriais à 
mudança do clima no Brasil. Ministério da Ciência, 
Tecnologia e Inovação, Brasília, pp 93-126. 

[18] Nikinmaa, L., Lindner, M., Cantarello, E. (2020). 
Reviewing the Use of Resilience Concepts in Forest 
Sciences. Current Forestry Reports. 

[19] Reyer, C. P. O. et al. (2015). Forest resilience and tipping 
points at different spatio-temporal scales: approaches and 
challenges. Journal of, 2015. 

[20] Lobell, D. B., Burke, M. B.; Tebaldi, C., Mastrandrea, M. 
D., Falcon, W. P., Naylor, R. L. Prioritizing climate change 
adaptation needs for food security in 2030. (2008). Science, 
n. 319, p. 607-610. 


Page | 100 


Mayara M. M. da Luz Pires Brandão et al. 


[21] Jones, J. W., Antle, B.O. Basso, K.J. Boote, R.T. Conant, I. 
Foster, H.C.J. Godfray, M. Herrero, R.E. Howitt, S. Janssen, 
B.A. Keating, R. Munoz-Carpena, C.H. Porter, C. 
Rosenzweig, and T.R. Wheeler (2017). Brief history of 
agricultural systems modeling. Agric. Syst., 155, 240-254, 
doi:10.1016/j.agsy.2016.05.014. 


[22] Mudança do clima: volume I: Negociações internacionais 
sobre a mudança do clima: vulnerabilidade, impactos e 
adaptação à mudança do clima. (2005). Brasília, DF: Núcleo 
de Assuntos Estratégicos da Presidência da República. 250p. 
(Cadernos NAE, 3). 


[23] Andrioli, K. G., Sentelhas, P.C. Brazilian maize genotypes 
sensitivity to water deficit estimated through a simple crop 
yield model. (2009). Pesquisa Agropecuária Brasileira, 
Brasília, v. 44, p. 653-660, 2009. 
http://dx.doi.org/10.1590/S0100-204X2009000700001 


[24] Barbieri, V. Condicionamento climatico da produtividade 
potencial da cana-de-acucar (saccharum spp.): um modelo 
matematico-fisiologico de estimativa. (1993). Tese 
(Doutorado em Agronomia) — ESALQ, Piracicaba, 1993. 
140p. 


[25] Monteiro, L. A. (2012). Modelagem agrometeorológica 
como base para a definição de ambientes de produção da 
cultura da cana-de-açúcar no Estado de São Paulo. (2012). 
Dissertação (Mestrado em Fisica do Ambiente Agrícola) — 
Esalq: Piracicaba. 116p. 


[26] Tatagiba, S. D., Santos, E. A., Pezzopane, J. E. M., Reis, E. 
F. (2010). Mudas de coffea canéfora cultivadas sombreadas 
e a pleno sol. Engenharia na Agricultura, Viçosa, v. 18, p. 
219-226. 


[27] Tatagiba, S. D., Santos, E. A., Pezzopane, J. E. M., Reis, E. 
F. (2010). Crescimento vegetativo de mudas de café arábica 
(Coffea arábica L.) submetidas a diferentes níveis de 
sombreamento. Coffee Science, Lavras, v. 5, p. 251-261. 


[28] Cordeiro, L. A. M., Vilela, L., Kluthcouski, J., Marchão, R. 
L. (2015). Integração lavoura-pecuária-floresta. Embrapa: 
Brasília. 381p. 


[29] Giongo, V., Santana, M. S., Costa, N. D., Yuri, J. E. (2016). 
Soil management systems for sustainable melon cropping in 
the submedian of the São Francisco Valley. Revista 
Caatinga, v. 29, n. 3, p. 537- 547. DOI: 
http://dx.doi.org/10.1590/1983-21252016v29n303rc. 


[30] Guilherme, L. C., Kimpara, J. M., Rodrigues, L. A. (2012). 
Sistema integrado alternativo para produção de alimentos. 
Embrapa: Parnaíbas. 2p. 

[31] Love, D. C., Fry, J. P., Li, X., Hill, E. S., Genello, L., 
Semmens, K., Thompsom, E. (2015). Commercial 
aquaponics production and profitability: findings from an 
international survey. Aquaculture, v. 435, p. 67-74. DOI: 
https://doi.org/10.1016/j.aquaculture.2014.09.023. 


[32] Bray, E. A. (1997). Plant responses to water déficit. Trends 
in Plant Science, Kidlington, v.2, n.2, p. 48-54. 


[33] Kramer, P. J., Boyer, J. S. (1995). Water relations of plants 
and soils. San Diego: Academic Press. 495p. 


www.ijaers.com 


International Journal of Advanced Engineering Research and Science, 8(9)-2021 


[34] Artlio, T. S., Wisniewski, M. E. (2001). Induction of 
proteins in response to biotic stresses. In: PESSARAKLI, 
M. (Ed). Handbook of plant and crop physiology. New 
York: Marcel Dekker. p. 657-680. 


[35] Mccree, K. J., Fernádez, C. J. (1989). Simulation model for 
studying physiological water stress responses of whole 
plants. Crop Science, Madison, v. 29, p. 353-360. 


[36] Taiz, L., Zeiger, E. (2004). Fisiologia vegetal. 3.ed. Porto 
Alegre: Artmed, 2004. 719p. 


[37] Taiz, L., Zeiger, E. (2009). Fisiologia vegetal. 4.ed. Porto 
Alegre: Artmed, 2009. 819 p. 


[38] Larcher, W. (2004). Ecofisiologia vegetal. São Carlos, SP: 
RiMa. 531p. 


[39] Ortolani, A. A., Camargo, M. B. P. Influência dos fatores 
climáticos na produção. In: Castro, P. R. C., Ferreira, S. O., 
Yamada, T. (1987). Ecofisiologia da produção agrícola. 
Piracicaba: Instituto da Potassa e Fosfato. P. 71-100. 


[40] Cattiveli, L., Rizza, F.; Badeck, F. W.; Mazzucotelli, E. 
Mastrangelo, A. M., Franca, E., Mare, C., Tondelli, A., 
Stanca, A. M. (2008). Drought tolerance improvement in 
crop plants. An integrated view from breeding to genomics. 
Field Crops Research, Amsterdam, v. 105, p. 1-14. 


[41] Smit, M. A., Singels, A. (2006). The response of surgarcane 
canopy development to water stress. Field Crops Research, 
Cambridge, v. 98, p. 91-97, 2006. 


[42] Scarpare, F.V., Galdos, M.V., Kolln, O.T., Gava, G.J.C., 
Franco, H. J. F., Trivelin, P. C. O. (2012). Increased 
sugarcane water productivity in Brazil avoids land use 
change and related environmental impacts. In: American 
Geophysical Union, San Francisco. 


[43] Harrison, S. R., Thornton, P. K., Dent, J. B. (1989). The role 
of simulation experiments. Agrotechnology Transfer, v.9, 
n.8, p.10-11, 1989. 


[44] 44] Kenny, G. J., Harrison, P. A. (1992). Thermal and 
moisture limits of grain maize inEurope: model testing and 
sensitivity to climate change. Climate Research, v.1, n.1, 
p.113-129. 


[45] Dourado-Neto, D., Teruel, D. A., Reichardt, K., Nielsen, D. 
R., Frizzone, J. A., Bacchi, O. O. S. (1998). Principles of 
crop modeling and simulation: I. Uses of mathematical 
models in agricultural Science. Scientia Agricola, 
Piracicaba, v. 55, p. 6-50. 


[46] Streck, N. A., Alberto, C. M. (2006). Simulação do impacto 
da mudança climática sobre a água disponível do solo em 
agroecossistemas de trigo, soja e milho em Santa Maria, RS. 
Cienc. Rural, vol.36, n.2, pp.424-433. 

[47] Assad, E.D., Marin, F.R., Evangelista, S.R., Pilau, F.G., 
Farias, J. R. B., Pinto, H. S., Júnior, J. Z. (2007). Sistema de 
previsão de safra para o Brasil. Pesquisa Agropecuária 
Brasileira, Brasilia, v. 42, p. 615-625, 2007 
http://dx.doi.org/10.1590/S0100-204X2007000500002 

[48] Thornthwaite, C. W., Mather, J. R. The water balance. 
(1955). Centerton, NJ: Drexel Institute of Technology - 


Page | 101 


Mayara M. M. da Luz Pires Brandão et al. 


Laboratory of Climatology. 104p. (Publications in 
Climatology, vol. VIII, n.1). 


[49] Allen, R. G., Pereira, L. S., Raes, D., Smith, M. (1998) Crop 
evapotranspiration —guidelines for computing crop water 
requirements. FAO Irrigation and drainage paper 56. Food 
and Agriculture Organization, Rome. 


[50] Dorrenbos, J., Kassam, A. H. (1979). Yield response to 
water. Rome: FAO, 1979. 212p. 


[51] Reichardt, K. (1990). A água em sistemas agrícolas. São 
Paulo: Manole. 188p. 


[52] Doorenbos, J., Kassam, A. H. (1994). Efeito da água no 
rendimento das culturas. Campina Grande: UFPB. 306p. 
Estudos FAO: Irrigação e Drenagem, 33 


[53] Gouvéia, J. R. F. (2008). Mudanças climáticas e a 
expectativa de seus impactos na cultura da cana-de-açúcar 
na região de Piracicaba, SP. Dissertação Mestrado (Física do 
Ambiente Agrícola). Esalq. 100p. 


[54] Thompson, L. M. (1970). Weather and technology in the 
production of soybeans in the Central United States. 
Agronomy Journal, Madison, v. 62, n. 2, p. 232-236. 


[55] Suguitani, C. (2006). Entendendo o crescimento e produção 
da cana de açúcar: avaliação do modelo Mosicas. Tese 
(Doutorado em Fitotecnia). USP: São Paulo. 


[56] Cunha, R. G., Assad, E. D. (2001). Uma visão geral sobre 
zoneamento agrícola Brasil. Revista Brasileira de 
Agrometeorologia, v.9, n.3, p.377-385. 

[57] Sultan, B., Baron, C., Dingjuhn, M., Sarr, B., Janicot, S. 
(2005). Agricultural impacts of large-scale variability of the 


West African monsoon. Agricultural 
Meteorology, v.1, n.128, p.93-110. 


[58] Zullo Júnior, J., Pinto, H. S., Assad, E. D. (2006). Impact 
assessment study of climate change on agricultural zoning. 
Meteorological Applications, v.13, n.S1, p.69-80, 2006. 


[59] Camargo, M. B. P., Brunini, O., Miranda, M. A. C. (1986). 
Modelo agrometeorológico para estimativa da produtividade 


andForest 


para a cultura da soja no Estado de São Paulo. Bragantia, 
vol.45, n.2, pp.279-292. 


[60] Pereira, A. R., Machado, E. C. (1986). Um simulador 
dinâmico do crescimento de uma cultura de cana-de-açúcar. 
Bragantia, Campinas, v. 45, p. 107-122. 


[61] Scarpari, M. S. (2002). Modelos para a previsão da 
produtividade da cana-de-açúcar (Saccharum ssp.) através 
de parâmetros climáticos. Dissertação (Mestrado em 
Fitotecnia)- Esalq: Piracicaba. 79p. 


[62] Santos, C. C., Oliveira, G. P. (2019). Avaliação de modelos 
agrometeorológicos para estimativa da produtividade na 
cultura do milho. Interações (Campo Grande), Campo 
Grande, v. 20, n. 4, p. 1019-1028, Dec. 2019. Acessado em 
08 feb. 2021. Epub Dec 05, 2019. 
https://doi.org/10.20435/inter.v0i0.1875. 


[63] FAO — Food and Agriculture Organization of United 
Nations. (1978). Report on the agro-ecological zones 


www.ijaers.com 


International Journal of Advanced Engineering Research and Science, 8(9)-2021 


project. Methodology and results for Africa. Roma: FAO, v. 
2. 


[64] Joly, C. A. et al. (2018). 1º Diagnóstico Brasileiro de 
Biodiversidade e Serviços Ecossistêmicos. Plataforma 
Brasileira de Biodiversidade e Serviços Ecossistêmicos. 


[65] Ometto, J. C. (1980). Parâmetros meteorológicos e a cultura 
da cana-de-açúcar. Piracicaba: ESALQ. 17p. 


[66] Oppenheimer, M., Campos, M., Warren, R., Birkmann J., 
Luber, G., O’neill, B., Takahashi, K. (2014). Emergent risks 
and key vulnerabilities. In: Field, C. B., Barros, V. R., 
Dokken, D. J., Mach, K. J.; Mastrandea, M. D., Bilir, T. E., 
Chatterjee, M., Ebi, K. L., Estrada, Y. O., Genova, R. C., 
Girma, B., Kissel, E. S., Levy, A. N., Maccracken, S., 
Mastrandea, P. R., White, L. L. Climate change 2014: 
impacts, adaptation, and vulnerability. Part A: global and 
sectoral aspects. Contribution of Working Group II to the 
Fifth Assessment Report of the Intergovernmental Panel of 
Climate Change. Cambridge University Press, Cambridge, 
pp 1039-1099. 


[67] Burke, M., Hsiang, S. M., Miguel, E. (2015). Climate and 
conflict. Annu. Rev. Econ., 7, p. 577-617. 


[68] Carleton, T. A.; Hsiang, S. M. (2016). Social and economic 
impacts of climate. Science, 353. 


Page | 102 


